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Blazars
•AGN
•Highly variable at all frequencies
•Highly polarized
•Radio core dominance
•Superluminal speeds

Observed at a small angle to the jet and
therefore rare AGN : 5-8% of all AGN
(but only at optical or X-ray frequencies!)
Blazars are the dominant population of
extragalactic point sources at

• Gamma-ray
• TeV
• Microwave frequencies



Two types of Blazars:
BL Lacs :  no strong lines; no strong cosmological evolution

FSRQs :  strong and broad emission lines; strong cosmological evolution



The overall Spectral Energy Distribution (SED)
 of a typical Blazar :  3C 279 





BeppoBeppoSAX BlazarsSAX Blazars
Observations StatisticsObservations Statistics

116 pointings of 60 BL Lacs for a total exposure of ~3.5Ms
  83 pointings of 49 Radio Loud QSOs, exposure of~3.3Ms

About  15% of the full BeppoSAX scientific program.



BeppoSAX spectral fits



BeppoSAX NFI data: BL BeppoSAX NFI data: BL LacertaeLacertae







Microwave Optical X-Ray γ-Ray TeVRadio



UHBLsUHBLs as counterparts of EGRET as counterparts of EGRET
high |high |bIIbII| unidentified sources?| unidentified sources?

1RXS J 123511.1-14033



UHBLsUHBLs as counterparts of EGRET as counterparts of EGRET
high |high |bIIbII| unidentified sources?| unidentified sources?

Well, may be not...



UHBLsUHBLs as counterparts of EGRET as counterparts of EGRET
high |high |bIIbII| unidentified sources?| unidentified sources?

But a few days later...



SHBL J044127.4+150456



AGILE-GRID
Sensitivity

SUPER-AGILE
sensitivity



A detailed analysis of all BeppoSAX observationd of MKN 421 
Massaro, Perri, Giommi, Nesci, 2003 A&A  in press 



MKN421 in a bright state: 
the BeppoSAX observation of  May 2000

May 1999



BeppoSAX spectral fits : main results

In HBL Objects, where the synchrotron component
dominates the –ray spectrum, the logarithmic parabola
model describes the data significanly better than other
models
This is interpreted as evidence of intrinsic curvature
in the particle sepctrum rather then cooling.
Such a curvature can be obtained in simple statistical
acceleration processes where the probability for a
particle to increase its energy is a decreasing function
of energy itself.







WMAP bright foreground 
source catalog 

•140 FSRQs
•23 BL Lacs
•13 Radio galaxies
•5 Steep Spectrum QSOs
•2 starburst galaxies
•2 planetary nebule
•17 unidentified
•6 without radio counterpart
  (probably spurious) 

208 bright sources, of which

The vast majority of bright WMAP
foreground sources are Blazars

WMAP CMB fluctuation map





Radio Galaxy PKS 0518-45 Radio Galaxy 3C 111

Fiocchi, Grandi et al. in preparation



Boomerang 90 GHz CMB MAP
De Bernardis et al. 2000
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The Blazar LogN-LogS 



Giommi & Colafrancesco 2003



Blazar Surveys
“Classical Approach”

BL Lacs 
 1 Jy,  radio flux limited, 5GHz (34 objects)
 EMSS, X-ray flux limited (41 objects)
 IPC Slew Survey, X-ray (51) 

Flat spectrum Radio Quasars

2 Jy, radio flux limited, 2.7 GHz (52 objects)



Blazar Surveys
Recent multi-frequency BL Lac samples

DXRBS  Deep X-ray Radio Blazar Survey
     Radio (BG6, PMN) f 5GHz  > 50 mJy, X-ray (ROSAT WGACAT) f(0.1-2.4 keV)  > ~ 2*10-14 cgs
     44 objects  ~ 95% identified
RGB RASS-Green Bank

    Radio (GB6), f5GHz > 20 mJy, X-ray ROSAT All Sky Survey f(0.1-2.4 keV) > ~ 3*10-13 cgs
    Optical mB < 18  ~94% identified
    33 objects in complete sample, 127 total
REX Radio Emitting X-ray survey

   X-ray (ROSAT PSPC serendipitous sources) f(0.1-2.4 keV)  > ~ 3*10-14 cgs,
   Radio (NVSS) f1.4GHz > 5 mJy
   72 objects , 30% identified,
   sub-sample of  55 objects  (f(0.1-2.4 keV)  > 4*10-13 cgs) ~90% identified
Sedentary multi-frequency survey (extreme HBL s only)

   X-ray RASS (f(0.1-2.4 keV) > ~ 10-12 cgs), radio NVSS (f1.4GHz > 3.5 mJy),
  optical APM/COSMOS/GSC2
  153 objects, 100% identified



Blazar Surveys
Recent multi-frequency BL Lac samples

Continued..
CLASS Cosmic Lens All Sky Survey

     Radio (GB6,NVSS) f 5GHz  > 30 mJy, Optical R < 1.7.5, αradio < 0.5
     47 objects  ~ 70% identified
FIRST Flat Spectrum  sample

    Radio (FIRST), f1.4GHz > 35 mJy, GB6 f 5GHz  > 20 mJy, optical B  <  19
     αradio <  0.5  87 sources ~84% identified
RASS-ASDC 1Jy sample

   Radio (NVSS) f1.4GHz > 1000 mJy, X-ray RASS  (f(0.1-2.4 keV) > 8*10-14 cgs),
   25 objects , 93% identified



(1250 objects) 



The broad-band The broad-band colorcolor--color color planeplane



The ASDC Blazar candidate sample

Cross-correlation between
NVSS and RASS radio and X-ray surveys.
Optical magnitudes from GSC2
(assuming Jmag < 19.5 when no counterpart is found in GSC2)

Over 7400 objects (500
of which are included in
the catalog of known
Blazars).
A subsample of about
450 objects for which
Sloan survey data are
available is being used to
estimate the quality of
the sample

∆ r-x < 2.5 σr-x and
< 0.8 arcmin
αox and αro within
Blazar area

αox

αro



Blazars candidate sample 


